T
he idea that "neurons that fire together, wire together" is well established in developmental neuroscience. It is based on the finding that neurons that fire action potentials at the same time are more likely to develop synaptic connections with each other. In epilepsy, this process is taken to an unhealthy extreme: Neurons that fire together during seizures wire together through a process called axonal sprouting. The sprouted axons provide additional positive feedback to the neurons in the epileptic network, facilitating future seizures. On page 532 of this issue, Bernard and colleagues (1) report that some of the positive feedback that underlies the epileptic condition may be formed "wirelessly"-that is, using a mechanism that does not involve growth of new axons or synaptic connections. They demonstrate that loss of an inhibitory K + ion current called the A current may contribute to the positive feedback that facilitates future epileptic seizures.
Synaptic signals received in the branchlike structures of a neuron called dendrites combine at the neuronal cell body, or soma, to trigger an action potential that is then transmitted down the neuron's axon to the next synaptic contact. Voltage-dependent conductances in the dendrites permit this action potential to "echo" or backpropagate, that is, to reenter the dendrites (2) (see the figure) . This echo combines with incoming synaptic signals, increasing their size and thereby producing new action potentials (and echoes) at the soma. An inhibitory current of K + ions-known as the A current because it flows through A-type K + channels-prevents this actionpotential reverberation from becoming an uncontrolled positive-feedback loop between the soma and dendrites. The A current is activated rapidly when the membrane is depolarized by action potentials and limits the extent of action-potential echoes in the dendrites (3).
In the new work, Bernard et al.
(1) studied the dendritic A current in a rat model of human temporal lobe epilepsy. In this model, a prolonged seizure is first triggered in rats by administration of pilocarpine, an activator of acetylcholine receptors. Many neurons in the hippocampus die following the prolonged seizure, and chronic spontaneous seizures develop a few weeks later. The link between the initial injury and later chronic seizures has remained elusive. An influential early hypothesis proposed that seizures arose due to disproportionate loss of inhibitory interneurons (4) and the cells that drive them (5), which would leave some hippocampal regions underinhibited. However, recent studies suggest that the decrease in inhibition is most pronounced in the interval before the onset of spontaneous seizures, with varying degrees of recovery by the time spontaneous seizures begin (6) . What, then, triggers the spontaneous seizures? A leading hypothesis points to axonal sprouting, the growth of axons that do not contact the next relay in the signal pathway but instead return to their original neural network (see the figure) . Sprouted axons provide a pathway by which action potentials can return to and spread through their network of origin, thereby providing the positive feedback needed to sustain seizure activity (7). However, network function can be surprisingly well preserved in the presence of sprouting (8) , suggesting that additional mechanisms contribute to seizure onset in epileptic neural networks.
Bernard et al. provide evidence that the A current is down-regulated in the dendrites of hippocampal neurons that survive pilocarpine treatment. By simultaneously recording the membrane potential in the soma as well as at different points in the dendritic tree, Bernard et al. were able to quantify the extent of back-propagation of action potentials from the soma to the dendrites. Epileptic animals propagated action potentials more actively and for longer dendritic distances than did control animals, and this back-propagation was less sensitive to inhibition of A-type K + channels or their down-regulation through phosphorylation by activated protein kinase C. The pathways that link the pilocarpine-induced seizures to the decrease in the A current remain to be discovered, but the phenomenon is consistent with recent findings that intense activation of neuronal inputs can produce not only long-term changes in the strength of the inputs, but also long-term changes in the dendritic voltage-dependent conductances that modulate the input (9) . Long-term changes in synaptic strength can be induced by epileptic activity (10) , which thus may drive neuronal inputs sufficiently to decrease the A current.
In these experiments, it was not the dendritic A current itself that was measured, but rather the back-propagation of action potentials. Actionpotential back-propagation is a functionally important but indirect measure of the A current, and other epilepsy-induced dendritic alterations should be kept in mind. For example, innervation of dendrites by neurons containing the inhibitory neurotransmitter GABA is decreased in this model of epilepsy (11) . GABAergic inhibition-modulated by many of the same kinases The author is in the Department of Neurology and Pediatrics, University of Colorado Health Sciences Center, Denver, CO 80262, USA. E-mail: kevin. staley@uchsc.edu that regulate A-type K + channel activitycan alter back-propagating action potentials (12) . Thus, in temporal lobe epilepsy, multiple systems may be altered in concert to enhance dendritic amplification.
Increasing the amplification of incoming synaptic signals could compensate for the pilocarpine-induced loss of neurons and may preserve needed input/output functions of the hippocampal network. However, a decrease in the A current removes an important control over dendritic reverberation of action potentials. The Bernard et al. study provides evidence for a new pathway that enables the reentry of action potentials via the dendrites of the neurons that initiated the action potential in the first place (see the figure) . The increased back-propagation of action potentials into the dendrites increases the likelihood that subsequent synaptic inputs will trigger new action potentials. Thus, an important prediction from these results is the enhancement of action-potential reverberations between the soma and dendrites of single neurons. Such single-cell feedback circuits will not spread excitation back to neighboring neurons as do sprouted recurrent axons. However, most neural networks already contain some recurrent connections, which in light of the Bernard et al. findings helps to explain why agents that block the A current induce seizure activity in normal neural circuits. Thus, activity-dependent, long-term alterations of dendritic voltage-dependent currents, together with decreases in synaptic inhibition and axon sprouting, may boost the probability of future seizures after an initial prolonged seizure.
I
n his classic lecture "There's Plenty of Room at the Bottom," Richard Feynman in 1959 presented a vision of extreme miniaturization, brought about by manipulation and control on an atomic scale (1) . With the inception of the scanning tunneling microscope (STM) by Binnig and Rohrer (2), the "machine" for assembly and manipulation of atoms on surfaces became available in the early 1980s, and many examples for manipulation of atoms and molecules have been presented since the pioneering work of Eigler and Schweitzer (3, 4) . This is one approach in the field of nanotechnology in which great progress has been made toward miniaturization down to the atomic scale, through the construction of devices consisting of single atoms and molecules as active elements. The report by Repp and co-workers on page 493 of this issue (5) provides yet another surprising finding of great scientific and possible technological interest in this fascinating field: the ability to switch the charge state of individual metal atoms on the surface of an insulator by a voltage pulse; that is, to convert them into negatively charged ions.
This process is reversible, bringing the ion back into the neutral state by an opposite voltage pulse. It is important that the charge state of the atom can be read out from its specific signature in the STM image. The two gold atoms on a sodium chloride film in the figure have quite a different appearance: The atom on the left, converted into a negative ion by electron injection from the tip, has a smaller protrusion than its neutral counterpart on the right, and it has a "sombrero" shape around its perimeter. The authors demonstrate, through a comparison of computed images with the experimental ones, that the ionic state of the gold atom is stabilized by a deformation of the atoms in the sodium chloride substrate around it, which creates an attractive potential for the additional charge on the gold atom. The distinct sombrero structure of a charge cloud surrounding the ion is ascribed to the interaction of the ion's charge with the surrounding charge on the ions in the sodium chloride, and the electrons at the interface between the sodium chloride film and the copper substrate on which it was grown (a conducting substrate underneath the insulating layer is necessary in order to maintain a tunnel current in the STM).
The ability to identify, and to change by a simple voltage pulse, the charge state of a single metal atom suggests many fascinating possibilities. Among the attempts to push the limit of data-storage devices to ever lower limits, atomic switches have relied on the movement of individual adsorbed atoms into a different bonding site (3, 4, 6) . Here, the gold atom does not move when it is "switched" into and out of the ionic state, a distinct advantage in the quest for a nonvolatile memory device in the atomic limit. However, the possibility of studying charging processes on single atoms, and the response of their environment, in itself offers many interesting scientific opportunities. One particularly compelling aspect concerns the influence of the charge state on the reactivity of the atom. Single atoms on oxide surfaces have been considered as the ultimate "model catalyst." For example, the activity of single palladium atoms on magnesium oxide in carbon monoxide oxidation (7) is quite different from that of an extended surface. Understanding the influence of the charge state of an atom on such reactions, with atomic-scale spatial resolution, is now within reach. Conversely, one might deposit neutral metal atoms, and detect their transformation into an ionic species upon adsorption of specific atoms or molecules with a different electronegativity. The influence of the charge state on surface diffusion is another exciting topic. The authors note that the switching process is likely to be a common phenomenon not restricted to their specific system. How do Repp et al. know that these different manifestations of gold atoms are due to the formation of a negative ion? Density functional calculations yield two different stable states for the gold atoms: one in which they P H Y S I C S Charging Atoms, One by One
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Neutral and negatively charged gold atoms. The scanning tunneling image shows two gold atoms on a sodium chloride surface. The gold atom on the right is neutral, whereas the one on the left was converted into a negatively charged Au − ion through a voltage pulse from the STM tip. The sodium chloride lattice around the ion is deformed in response to the charging of the metal atom.A sombrero-shaped charge cloud forms around the ion in order to screen the extra charge.
